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CHAPTER I 
INTRODUCTION
Purpose o f  Study
A period of  accelerated development is beginning in the upper 
Clark Fork V a l ley  in Western Montana. I t  is an area of  rapid  
population growth, (enrollment a t  the Cl inton Elementary School more
than doubled, from 115 in 1960 to more than 240 in 1974),  a main
t ran sp or ta t ion  c o r r id o r ,  the pr inc ipa l  area of inf low of  surface water  
to the Missoula basin,  and the source o f  much of  the a q u i fe r  recharge
in the Missoula basin.
Surface water ,  groundwater, and flood hazard information can be 
used fo r  d e l in e a t io n  o f  floodways and the a c t iv e  f lo o d p la in ,  and fo r  
determination of  f lood recurrence in te rv a ls  which are a l l  necessary 
fo r  planning and zoning a c t i v i t i e s  and in the in te re s ts  o f  public  
s a fe ty .
The primary purpose o f  the study was the production of accurate  
f lood hazard maps, w ith  a minimum expenditure of  time and money, 
through use of  a e r ia l  photos taken at  peak f lo o d ,  and with l im ited  
stream channel and ground surveys.
The question as to the necessity o f  expensive, time consuming 
surveys a r ises  when long range benefi ts  are considered. I t  is 
i n e v i t a b le  th a t  channel changes w i l l  in time render any f lo o d p la in  
study a t  le a s t  p a r t i a l l y  in v a l id .  Changing land use patterns as well
ds ge o m o rp h ic  changes resulting from seasonal floods w i l l ,  in a period 
of decades or less, modify channel conditions to a point where the data 
obtained from highly detai led flood surveys w i l l  be no more va l id  than 
those presented here. Such geomorphic changes would be espec ia l ly  
prevalent in ac t ive ly  braiding channels as in some reaches of the upper 
Clark F o rk  River. For these reasons, i t  is desirable tha t  long range 
use o f  such data be considered before time and money is invested 
on large scale, detailed studies.
This report contains flood hazard maps and flood p r o f i le s  which 
outl ine  existing areas subject to inundation by the 100 year recurrence  
in terval  flood. Groundwater data include bedrock p ro f i les  as determined 
by gravimetric and seismic methods, groundwater storage, and seasonal 
water table f luctuat ion .
Defin it ions and Abbreviations
A cre - fe e t . The volume of water required to cover 1 acre to a 
depth of 1 foot;  equal to 43,560 cubic fee t .
FIoodplain. That portion of a r iv e r  v a l le y ,  adjacent to the r iv e r  
channel, made up of sediments deposited during the present regime of the 
stream and which is inundated when the r iv e r  overflows i t s  banks 
during flood.
FIQodway. That portion of the f loodpla in  required fo r  conveyance 
of flood water.
Flood Fjcin^e. That portion of the f loodpla in  outside the floodway.
Hydrograph. A graph displaying stream flow on a periodic basis.
Recurrence I n t e r v a l . The average period o f  time w i th in  which a 
f lood of a given magnitude w i l l  be equalled or exceeded once. For 
example, a flood having a recurrence in te rv a l  of 50 years has a 2 
percent chance of  occurring in any year;  the 100 year f lood has a 1
percent chance of  recurr ing in a given year.  Discharge o f  these floods
fo r  the study area are shown in tab le  3 ( p. 25 ) ,  other f lood discharges 
can be ca lcu la ted  from the graphs in f igures 6 and 7, (p. 27 and 28).
A recurrence in te rv a l  cannot be used to pred ic t  the time of  occurrence 
and does not imply tha t  floods occur on a regular  basis. U.S. Geological 
Survey terminology provides fo r  recurrence in te rv a ls  to 100 years.
Floods o f  grea ter  discharge are expressed as a r a t io  to the 50 or 100
year magnitude f lo od ,  in cubic fe e t  per second. For example, the 1908 
f lood a t  Missoula (see tab le  2, p .21 ) is  1.4 times the 100 year f lood  
(see ta b le  3, p. 25) .
c f s . Cubic fe e t  per second; equivalent to 7 .48 gallons per second.
WSP. Water Supply Paper (U.S. Geological Survey).
Area o f  Study
The Clark Fork River is t r ib u t a r y  to the Columbia River and drains  
an area o f  5,999 square miles (WSP 1736, p. 240, U .S .G .S .)  above Missoula,  
Montana (see f ig u re  1, p. 4 ) .  The area of th is  study comprised th a t  
port ion o f  the upper Clark Fork Val ley  from ju s t  east o f  Missoula,  
to Gran ite  County 26 miles fa r th e r  east (see f ig u re  2, p. 5 ) .
The Clark Fork Va l ley  trends genera l ly  northwest-southeast through 
the study area. I t  is bordered on the northeast by the Garnet Range 
and on the southwest by the Sapphire Mountains and John Long Mountains.
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Fig. 1. Upper Clark Fork River Drainage basin.
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Fig. 2. Upper Clark Fork River study area.
U.S.G.S. topographie map coverage is provided from east to west by the 
following quadrangles: Ravenna, Montana 1:62,500; C l in ton ,  Montana
1:24,000; Bonner, Montana 1:24,000; Southeast Missoula, Montana 
1:24,000; and Northeast Missoula, Montana 1:24,000.
From the Missoula-Granite County boundary to the confluence of  
Rock Creek with the Clark Fork River, the va l ley  follows the s t r ik e  
of several formations in the Missoula Group of the Belt  Supergroup 
of Precambrian sedimentary rocks. In th is  area these formations are 
upthrust steeply to the north and form part of a s tructure  known as 
the Bearmouth thrust .  The res is tant  Bonner Quartz ite  forms the 
northern margin of the va l le y .  The stream val ley  is cut in to  the less 
res is tant  McNamara A r g i l l i t e .  The Garnet Range Q u a r tz i te ,  overthrust  
by the Helena Limestone, forms the southern wall (see f i g .  3 ,  p. 7) .
Near the mouth of Rock Creek the Clark Fork Val ley  trends nearly 
north-south, cutt ing across bedrock s tructure  to the v i c i n i t y  of  
Wallace Creek where i t  intersects the Clark Fork Fau lt .  The va l ley  
then trends northwestward along the f a u l t  trace some 12 miles to 
Marshall Creek where i t  bends sharply southward along the f lank  of  
Mount Jumbo and again turns westward to enter  the Missoula Valley  
through Hellgate Canyon.
Climate
The rugged topography o f  the upper Clark Fork drainage basin 
contributes to a wide range of  local c l im at ic  condit ions. There are 
wide var ia t ions  in weather and climate between valleys and higher  
e levations.  The location between the B i t te r ro o t  Range and the Con­
t in e n ta l  Divide produces a cl imate with both maritime and continental
SOUTH NORTH
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Fig. 3. Valley cross-section Upper Clark Fork River
influences. Both types of  weather occur and can prevail  during a l l  
seasons although the Pacif ic  maritime climate prevai ls  most f requent ly .
Elevations range from over 10,000 fe e t  above sea level along the 
Anaconda Range section of the Continental Divide,  down to about 3200 
feet  where the Clark Fork River leaves the study area ju s t  east of  
Missoula.  Western Montana va l ley  l o c a t i o n s  generally  have warmer 
average annual temperatures than most Central and Eastern Montana 
s t a t i o n s  because few of the polar a i r  masses that invade the areas 
east o f  the Continental Divide penetrate areas west of the d iv id e .
Higher valleys experience cooler average temperatures throughout the 
year.
June is the month of highest p re c ip i ta t io n  and May is nearly  as 
wet. Var iat ion in p re c ip i ta t io n  between val leys and mountains and 
between lower and higher valleys is generally  great.  Val ley  p r e c ip i ­
ta t ion  varies widely with the season, mountain p re c ip i ta t io n  is  
f a i r l y  steady from month to month.
Spring and ear ly  summer are generally  cool and cloudy, with  
frequent rains over most valleys and snows in the higher mountains.
Late summer and ear ly  f a l l  are characterized by c le a r  skies and warm 
days with occasional thunderstorms. Early snows f a l l  in mountain areas 
before the end of September and autumn is marked by considerable cloudy, 
damp and sometimes foggy weather. Snow begins to accumulate in the 
mountains by September or October. Winter and ear ly  spring p r e c ip i t a ­
t io n  f a l l s  mostly as snow above about 4,500 fe e t  a l t i t u d e .  The f ro s t  
f ree  season varies from a few days in the high a l t i tu d e  val leys to 
about 125 days in the lower valleys (U.S. Weather Bureau, 1960).
TABLE 1. 
WEATHER DATA
Station
Eleva­
t io n  ( f t )
Years
of
Record
Average 
Annual 
Temp.(Op) High Low
Average
Annual
Precip.
Wettest 
( in )  Year
Driest
Year
Drummond 4240 26 40.1 101 -42 12.30 15.79 (1941) 8,79 (1952)
Missoula WNW 3200 29 45.5 103 -30 12.56 17,23 (1955) 6,71 (1935)
Philipsburg 5280 42 40.9 99 -40 15.28 20.32 (1938) 8.36 (1931)
Seeley Lake 3980 19 40,9 101 -53 20.54 27.04 (1954) 14.00 (1952)
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Snow survey data are col lected by the Soil Conservation Service  
for th e i r  index value in forecasting runoff from mountain areas. The 
surveys provide p rec ip i ta t io n  information for  the higher elevations  
where d irec t  data are not a v a i lab le .  As the season progresses, 
successive surveys are made to determine accretion and depletion of the 
snowpack. The la s t  regular surveys are usually made about May 1, but 
l a te r  measurements are taken when unusually high snowpack condit ions  
ex is t .
Annual prec ip i ta t ion  varies from less than 20 inches in the v a l le y  
areas to as much as 90 inches annually on Ptarmigan Mountain in the 
Blackfoot drainage. The weighted average fo r  the 5,999 square mile  
drainage basin is calculated to be 24.3 inches.
Average annual runoff fo r  the drainage area measured a t  the Clark  
Fork above Missoula gaging s tat ion (1930-1957, U .S.G .S.)  is 5.25 cfs 
per square mile. Average runoff  at  the Blackfoot River near Bonner gage 
during the same period is 7.98 cfs per square mile .
Gaging Stations
Gaging stations are maintained in the study area by the U.S. 
Geological Survey for  observation and recording of r iv e r  stages and 
discharges (see f ig .  2 p. 5) .
A s t a f f  gage was established on the Clark Fork a t  Missoula in 
1889 and operated u n t i l  1907. In May 1929, a recording gage was 
established at  a s i te  about 3 miles east of  Missoula and continuous 
records are ava i lab le .  Discharge measurements are recorded by Montana 
Power Company personnel a t  Mi 11 town Dam. Average discharge from 
drainage area of 5,999 square m iles ,  over 43 years is 2,984 c fs -
n
2 ,162,000 a c r e - fe e t  per year.  Maximum recorded discharge is 31,700 cfs 
June 10, 1964 (gage height 13.35 f t )  and the minimum discharge is 
115 cfs October 25, 1943 (gage height 0 .64 f t . ,  power p lant  shutdown) 
minimum d a i l y ,  (340 cfs Sept. 27, 1937),  (WSP 1376, p. 240, U .S .G .S . ) .
The Blackfoot River near Bonner water-stage recorder is 7 .3  miles 
upstream from the mouth where i t  measures discharge from a drainage  
area of  2290 square m iles.  Period of record is July to November 1898, 
March 1899 to September 1901, May 1904 to January 1905, March to October 
1905, and October 1939 to present. This was a non-recording gage p r io r  
to September 1955. Average discharge during 36 years has been 1657 c fs ,  
or 1 ,200,000 acre fe e t  per year .  Extremes range from a maximum discharge  
of 19,200 cfs recorded on June 10, 1964 (gage he ight ,  10.89 f e e t )  to 
minimum d a i ly  discharge o f  200 cfs recorded on January 4,  1950.
(WSP. 1376, p. 239, U .S .G .S .)
A water-stage recorder was establ ished on Rock Creek 0 .2  miles 
upstream from i t s  confluence with the Clark Fork R iver ,  September 13, 
1972, too rece n t ly  to have generated a s i g n i f i c a n t  body o f  data.
Hydrography
The Clark Fork River is present ly  a braided stream along most 
of  i t s  length through the study area (see p la te  12, Appendix B). I t  
occupies a narrow f lo o d p la in  bounded in t e r m i t t e n t ly  by a l l u v i a l  terraces  
and mountains. Much of  the f lo o d p la in  is a r t i f i c i a l l y  constrained be­
tween two r a i l r o a d  beds or between r a i l r o a d  and highway berms. River  
grad ie n t  averages 13.7 f e e t  per mile  through the study area.
Major t r ib u t a r ie s  are Rock Creek and the Blackfoot River which 
contr ibute the major portion of runoff to the main stream. During 
peak runoff periods the Blackfoot River contributes up to 60 perceni 
of the streamflow measured at the Clark Fork above Missoula gaging 
station (1940-1972),  (WSP, 1316, 1736, Surface Water Records, U.S.G, 
1961-1972). Discharge measurements fo r  Rock Creek are not generallj 
avai lab le  but a point measurement near i ts  mouth, of 6500 cfs was mi 
by U.S.G.S. personnel on June 1, 1972 accounting fo r  about ha lf  the 
mainstream flow at that  time (Surface Water Records, p. 270, 1972). 
Simultaneous flow a t  Clark Fork above Missoula gage was 27,400 cfs 
(Surface Water Records, p. 210, 1972) and a t  the Blackfoot River ne< 
Bonner gage, i t  was 15,700 cfs (Surface Water Records, p. 209, 1972 
the Clark Fork River below Rock Creek flow then approximated 11,700 
The flow of the Clark Fork above i ts  confluence with Rock Creek was 
approximately 5,000 cfs.
Most headwater areas of  the upper Clark Fork drainage have beei 
heavily g lac ia ted,  p a r t ic u la r ly  the Blackfoot River drainage. The 
large sediment load carr ied by the Blackfoot River during peak runo 
is especial ly  notable and is derived from piedmont g la c ia l  deposits 
and sediments of g lac ia l  lakes. Most of  the watershed supports for 
cover of varying density.  Lakes above the Clark Fork above Missoul 
gaging stat ion occupy approximately 25,000 acres and diversions for 
i r r ig a t io n  amount to about 120,000 acres, (WSP 1736, p. 240, U.S.G.
Regulation of  flow a t  Mi 11 town Dam, constructed as a power gen 
f a c i l i t y  in 1906, causes some short term f luc tua t ions  in the flow o 
the Clark Fork. The dam is b u i l t  on a bedrock outcrop consisting o
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diabase dike intruded between M i l l e r  Peak A r g i l l i t e  below, and Bonner 
Q u ar tz i te  above. The in fe rred  trace of  the Clark Fork Fault  as shown 
on the geologic map by Nelson and Dobell (1961) runs d i r e c t l y  through 
the damsite. I t  is possible th a t  the course of  the r i v e r ,  which flows 
along the southwest margin of the v a l le y ,  is p a r t i a l l y  con tro l led  by 
th is  f a u l t .
The damsite is located ju s t  downstream from the confluence of the 
Blackfoot River with the Clark Fork. The Blackfoot River has the 
steeper grad ient  and la rg e r  peak discharge, and is there fo re  more 
competent to carry sediment load, e s p e c ia l ly  a t  f lood stage (see plates 1 
and 2, Appendix B). In a d d i t io n ,  much o f  the Blackfoot watershed is 
in an area o f  extensive g la c ia l  deposits which provide the r iv e r  with a 
la rge  sediment load during periods o f  high ru n o f f .  The Blackfoot River  
contr ibutes  most o f  the discharge measured a t  the Clark Fork above 
Missoula gaging s ta t io n  during peak f low as well  as most of  the sediment. 
The Blackfoot enters the Clark Fork Va l ley  a t  near ly  a r ig h t  angle. At 
th is  point  i t s  grad ient  decreases and the bed load and coarse f ra c t io n  
of  the suspended load is deposited, forming an extensive a l l u v i a l  fan 
across the Clark Fork V a l ley  and thus forc ing the Clark Fork River  
against the southeast v a l le y  w a l l ,  th is  in turn causing steepening of  
the Clark Fork channel grad ien t  and increased stream v e lo c i ty  below tha t  
point  (see p la te  15 ) .  Deposition above th is  fan where stream v e lo c i t ie s  
are decreased accounts fo r  the extensive grassy f l a t s  o ften  a t t r ib u t e d  
to r e s e rv o i r  sedimentation. Only local sedimentation is  a t t r i b u t a b l e  
to  the dam i t s e l f .
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Normal pond e levation a t  the dam is 3,259 fee t  and is a t ta ined  
by use of f lash boards extending 6.4  fee t  above normal dam le v e l .  The 
f lash boards are removed before spring runoff ,  lowering pond level  to 
about 3,252.5 fe e t .  They are replaced about July 1. At normal pond 
level the dam controls stream gradient a distance of s l ig h t l y  more than 
a mile upstream, removal of  the f lash boards reduces control to about 
one-half  mile upstream.
According to persons who witnessed the 1908 f lood,  the north wing 
of M il l  town Dam (e lev.  3,268 f t . )  was overtopped by floodwaters (oral  
communication, Charles G i l l ,  e t  a l ) .  Inf luence of the dam on stream 
gradient extended about 2 miles upstream during th is  high streamflow 
period but cannot account fo r  approximately 4 miles o f  low stream 
gradient (7 f t .  per mile vs. 13.7 f t .  per mile average) above the dam. 
I t  is probable that  a high percentage of  the sedimentation a t t r ib u ta b le  
to the dam occurred during the 1908 f lood. Large amounts of  sediment 
were then ava i lab le  from ta i l in g s  a t  Anaconda and from then recent con­
struction of two ra i lroads ^Tong-the r iv e r .
CHAPTER I I
FLOOD HISTORY OF THE UPPER CLARK FORK VALLEY 
Types o f  Floods
Three seasonal types of floods occur in the area drained by the 
upper Clark Fork R iver.  Most annual f loods r e s u l t  from spring snow- 
m elt ,  occasional ly  augmented by r a i n f a l l .  The proportion of the annual 
p r e c ip i t a t io n  th a t  accumulates as snow in the higher e levations of the 
drainage basin is the major fa c to r  determining the magnitude of  the 
f lood .  Hydrographs of  spring floods res u l t in g  from snowmelt are  
rounded and of long durat ion .  They e x h ib i t  sharp, steep peaks when 
augmented by heavy p r e c ip i ta t io n .  Winter floods occur as a r e s u l t  of  
warm rainstorms ( p r im a r i ly  ra in  water ,  o f ten  augmented by snowmelt from 
low a l t i t u d e s ) .  Winter f lood hydrographs are character ized by r e l a ­
t i v e l y  high magnitudes and short durat ions. Summer floods caused by 
lo c a l ize d  high in te n s i ty  r a i n f a l l  from convective storms occasionally  
occur. They are capable o f  producing peaks o f  extreme magnitude and 
short durat ion on small drainage areas.
The typ ic a l  Clark Fork f lood resu l ts  from la te  spring melting of  
the snowpack accumulated in the w in ter  months. Approximately 50 per­
cent o f  the runof f  measured a t  the Clark Fork above Missoula gaging 
s ta t io n  occurs during May and June (1952-1972).
The water content of  the snowpack in e a r ly  May is an in d ica to r  
o f  the volume of  seasonal runof f  th a t  may be expected, but i t  does
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not necessarily indicate the to ta l  runoff  pattern .  The magnitude and 
duration of the spring flood is in part  control led by temperature and 
prec ip i ta t io n ,  as well as by antecedent ground conditions such as frozen
or saturated s o i l .
Low spring temperatures which retard the melting of the snowpack, 
followed by normal or above normal temperatures in May and June shortens 
the runoff period and increases the volume of runoff during tha t  period.  
Frozen ground increases flood magnitudes by reducing i n f i l t r a t i o n  and 
surface retention of meltwater.
Above normal and/or prolonged periods of  p re c ip i ta t io n  can con­
t r ib u te  s ig n i f ic a n t ly  to runoff peaks. Late season snowfall presents 
a greater f lood hazard than ear ly  season snow, since i t  usually  melts 
rap id ly  and does not s e t t le  into a dense pack tha t  is melted gradually .  
Soil moisture at or near f i e l d  capacity also serves to decrease in ­
f i l t r a t i o n  of  meltwater into the r e la t i v e ly  th in  mountain s o i ls .
H is tor ic  Flooding
Most destructive floods in the drainage basin o f  the upper Clark  
Fork have been caused by a combination of normal or s l ig h t l y  above 
normal snowpack, below normal temperatures through March, A p r i l ,  and 
ear ly  May, followed by a period of  warm temperature combined with  
prolonged or intense p r e c ip i ta t io n .
The great flood of  1908 resulted from 33 consecutive days o f  spring 
r a i n f a l l  coinciding with rapid snowmelt. These events produced the  
highest documented flood o f  memory on the Clark Fork and i ts  t r ib u t a r ie s  
and resulted in disastrous e f fec ts  to transportat ion ,  homes and other  
s tru c tu res .
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In the spring of 1948 the accumulated snowpack was in general 
above normal (Paulsen, 1949),  the re s u l t  of  unusually frequent cyclonic  
storms over the region. Cold, unstable maritime a i r  from the west 
dominated the region through ear ly  May keeping temperatures below normal 
and preserving the snowpack u n t i l  mid-May when above normal temperatures 
were recorded. Conditions were favorable  fo r  a major f lood .  Orographic 
l i f t i n g  over the mountain ranges resulted in p r e c ip i t a t io n ,  mainly in 
the form of snow, due to the low temperatures.
The 1948 peak f low of  the upper Clark Fork River occurred May 23. 
Flooding of low-ly ing land was general.  Downstream there  was extensive  
f looding along the lower Clark Fork, Further downstream disastrous  
f looding occurred and l iv e s  were los t  as the Columbia River overflowed 
i t s  banks.
The 1964 flood s l i g h t l y  exceeded th a t  of 1948 (Boner and Stermatz,  
1967). In general ,  by e a r ly  June the southern h a l f  o f  the United States  
had warmed more ra p id ly  than had northern Canada. A i r  mass c i rc u la t io n s  
from th is  thermal gradient  had lo s t  very l i t t l e  of  t h e i r  energy. The 
warmer l a t e  season a i r  masses from southern la t i tu d e s  were able to carry  
la rg e r  amounts of water vapor than is possible a t  the lower temperatures 
e a r l i e r  in the season. In e a r ly  June, 1964, a moist a i r  mass from the 
Gulf of  Mexico flowed northwestward in to  centra l  Montana and as a r e s u l t  
of steep orographic l i f t i n g  over the Rocky Mountains heavy rains f e l l  
over the Continental Divide region. The strong orographic u p l i f t  was 
re in fo rced  by upward wedging of  a moisture laden a i r  mass caused by 
entry  in to  the area of  a cold f ro n t  from the north. This extended the 
period o f  intense r a i n f a l l  to approximately 36 hours. P re c ip i ta t io n
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to ta ls  as high as 14 inches were recorded in the storm area. Such 
extreme r a in fa l l  was not recorded on the upper Clark Fork drainage, but 
high prec ip i ta t ion  f e l l  on the remaining winter snow-pack causing major 
flood damage. Rain-induced snowmelt a t  lower a l t i tu d es  may have been a 
s ign i f ican t  factor  in the Clark Fork and other drainages. Above normal 
soil  moisture in fo o th i l l  areas and soil  moisture at or near f i e l d  
capacity in areas recently bared of snow may have also been an important 
factor  during the runoff period.
The conditions which produced the aforementioned floods were 
remarkably s im i la r ,  d i f fe r in g  mainly in duration and in te n s i ty  of pre­
c ip i ta t io n .  Streamflow during the 1908 f lood remained a t  high stage 
for  a considerable period of time. The stage hydrograph ( f ig u r e  4,  
p. 19) shows that the 1948 flood was above bankful stage fo r  20 days, 
and that  the 1964 flood was out of  banks 4 days.
Winter floods, usually of short durat ion,  are produced when a 
warm moist a i r  mass from southern la t i tud es  flows northward and col l ides  
with a cold front  from the north. The resu l tan t  upward wedging of the 
warm a i r  mass induces condensation and p r e c ip i ta t io n ,  as ra in .  The 
r a in f a l l  combined with snowmelt from low a l t i t u d e  snow cover may cause 
destructive floods such as were experienced through the Northwest in 
mid-January 1974.
Runoff from the upper Clark Fork drainage area did not reach flood  
volumes during th is  period. Nearly 2 weeks of sub-zero temperatures 
proceeded the warm ra ins ,  causing substantial buildup of channel ice  
on the Clark Fork River and i t s  t r ib u t a r ie s .  The rapid runoff  resulted  
in breakup of the ice in to  large blocks which were carr ied downstream
19
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Fig. 4. Stage hydrographs, Clark Fork above Missoula gaging 
s ta t io n ,  1948, 1964.
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to form major ice jams (see plates 3, 4, 5, Appendix B). Bridges which 
constr ic t  a stream channel often become s i tes  where such ice jams form. 
The ice jams caused rapid backup of the streams which soon overflowed 
th e i r  banks causing local f looding and occasionally leaving the main 
channel devoid of flow immediately below the ice jam. In some cases 
great quantit ies of ice were carr ied into f ie ld s  and woodlands, 
damaging trees, fences, and structures.  One such ice jam ju s t  downstream 
from the Turah bridge (see plates 6, 7, Appendix B) blocked the main 
channel of the Clark Fork River and produced local f looding approaching 
the stage of the 50 year recurrence in te rv a l .
In summer, streams in small drainages occasionally reach t h e i r  
highest annual peaks during f lash floods caused by concentrated 
prec ip i ta t ion  or cloudbursts from loca l ized  convectional storms.
1972 Flooding
Snowpack accumulation was well above average in the drainages
of the upper Clark Fork in the spring of  1972, with water content as
high as 200 percent of  normal. The following statement and forecast  
appeared in Montana Water Supply Outlook, May 1, 1972, U.S.D.A. Soil  
Conservation Service:
Nearly a l l  higher e levation snow courses continue 
to show new record amounts of  water stored in the 
snowpack.. .Record or near record runoff  is forecast  
for  a l l  streams. Nearly a l l  May through September 
forecasts are in the 130 to 160 percent average 
range.. .Peak flows are expected to be 20 to 30 percent 
above average under ideal melting condit ions of
moderate temperatures and minimum p re c ip i ta t io n .
Periods of above average temperatures and s ig n i f ic a n t  
prec ip i ta t ion  during the main snowmelt period w i l l  
resu lt  in larger  peak flow.
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TABLE 2
TEN HIGHEST KNOWN FLOODS 
CLARK FORK ABOVE MISSOULA GAGING STATION
Order 
of Magnitude Date
Mean Daily  
Discharge (CRS) Stage ( in  fe e t
1 June 7, 1908 48,000*
2 June 20, 1899 36,400+
3 June 10, 1964 31,700 13.35
4 May 23, 1948 31,500 13.07
5 May 30, 1902 31,400+
6 June 4 ,  1953 28,800 11.10
7 June 2, 1972 27,400 12.27
8 May 12, 1900 25,600
9 June 4, 1903 25,000
10 May 9, 1947 24,200 11.10
*Montana Power Co. Estimate 
+Gaged a t  Missoula
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However, p re c ip i ta t io n  during the 1972 runoff period was below 
normal at  va l ley  stat ions and not substantial at  higher e levat ions .  
Temperatures were near normal fo r  the period. Runoff thus resulted  
e n t i re ly  from snowmelt under nearly  ideal clear-sky melting conditions.
Records show that  streamflow during Apri l  was s l ig h t ly  above 
normal and began to r ise  about mid-May a f t e r  a few days of  warm 
temperatures. Bankful stage (10 f e e t ) ,  at  Clark Fork above Missoula 
gaging s ta t io n ,  was reached May 22. Cooling temperatures brought a 
recession in stage of more than 2 fe e t  by May 28. The r is e  to maximum 
discharge began May 29 and peak flow of 27,400 cfs was recorded June 2 
at  12.27 fe e t  gage height. River water rose above bankful stage May 31
and continued a t  higher than bankful flow u n t i l  June 13, a period of 14
days (see f igure  5, p. 23).
Peak flow was recorded almost simultaneously on a l l  reaches of  the 
r iv e r  and a l l  major t r ib u t a r ie s .  The Blackfoot River peaked June 2 
at 15,700 cfs.  Maximum discharge measured on Rock Creek was 6,500 cfs 
June 1 (Surface Water Records, U.S.G.S. 1972). No subsequent readings 
were made un t i l  June 6 when the stream was measured a t  5,500 cfs.  
Contributions of subsidiary lower-elevation t r ib u t a r ie s  in the study
area were not great ,  having reached t h e i r  peaks about March 20,
Recurrence in terva ls  of the 1972 peak are as fo l lows:
Stream Sections R . I .  ( y e a r ) *
Clark Fork above Missoula 16.6
Blackfoot near Bonner 12
Clark Fork above Blackfoot 15
Rock Creek 25
Clark Fork above Rock Creek 9
*U.S.G.S. determination
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Fig. 5. Discharge Hydrograph-Clark Fork above Missoula (1972)
CHAPTER I I I
DISCHARGE AND FLOOD FREQUENCY DETERMINATIONS 
Flood Frequency
Knowledge of the magnitude and probable frequency of recurrence  
of floods is necessary to f loodpla in  zoning, flood insurance, and man's 
a c t iv i t i e s  in the f loodpla in .
To predict  the recurrence of  floods of  varying magnitude, peak 
floods at a gaged s i te  are ranked in order o f  magnitude and a proba­
b i l i t y  of occurrence assigned to each. Annual-flood peaks are treated  
as independent events and are the most sa t is fa c to ry  s t a t i s t i c a l  
population in a stream flow record.
The time scale fo r  frequency curves is the recurrence in te rv a l  
as defined in Chapter I ,  p. 2. Various methods fo r  determining flood  
frequencies have been used. For the purpose of  th is  rep o r t ,  d is -  
charge-frequency curves have been determined using the annual-f lood  
array method as presented in U.S.G.S. Water Supply Paper 1543-A 
(Dalrymple, 1960), and modified through use o f  the regression analysis  
method (Boner and Buswell, 1970) and through use o f  U.S.G.S. c a l ­
culat ions,  (oral communication, Mel Johnson, U.S. Geological Survey).
Flood frequency data as determined fo r  the Clark Fork and Black­
foot River gaging stations are presented in tab le  3, p. 25. As may be 
noted from tables 2 (p. 21) and 3 (p. 25) the 1964 flood at  Clark Fork 
above Missoula gaging s tat ion  was a 50 year recurrence in te rv a l  event,  
and also from tab le  3 tha t  dif ferences in the 50 and 100 year magnitude
flood stages are on the order of  0 .5  fe e t .
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TABLE 3.
FLOOD FREQUENCY DETERMINATION 
FOR GAGING STATIONS
CLARK FORK ABOVE MISSOULA (5,999 sq. m i . )
1972 50 yr .  100 yr .
Stage ( f t . )  12.27 13 .35*  13 .8*
Drainage (c fs )  27.400 31,700 34,200
BLACKFOOT RIVER NEAR BONNER (2290 sq. m i . )
1972 50 y r .  100 y r .
Stage ( f t . )  9 .98 11.3 11.8
Discharge (c fs )  15,700 20,500 22,800
*Data from U.S. Geological Survey, Helena, Montana
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Flood frequency graphs have been constructed for the gaging 
stat ions above Missoula ( f i g .  6, p. 27 ) ,  and near Bonner ( f i g .  7,  
p. 28).  The curve fo r  the Clark Fork is based on a 43 year period of 
continuous record (1930-1972),  and by use of the h is to r ica l  f loods of  
record the base period has been extended 100 years. The curve fo r  the 
Blackfoot is based on 33 years of  continuous record (1940-1972),  ex­
tended to 74 years using the h is to r ic a l  record. Figure 6 shows tha t  the 
1972 flood has 16.6 year recurrence in te rva l  or a 6 percent chance o f  
occurring any given year.
The years from 1887 to about 1910 were a period o f  extremely high 
runoff  events. Table 4 (p. 29) l i s t s  these floods in order of  magnitude. 
Where discharge records are not ava i lab le  the events are given r e la t i v e  
rank from newspaper accounts. Use of  the r e la t i v e  ranking of  the 
floods of 1887. 1892, 1894, and 1908 to modify the Clark Fork above 
Missoula frequency curve would change the recurrence in te rva l  fo r  the 
1972 event to 10 years, or a 10 percent chance of  occurring in any year.
A curve based on gaging sta t ion  records is app l icab le  only to the 
stat ion s i te .  Frequently information is desired fo r  ungaged s i tes  
where evaluation of the flood potentia l  is important in the location  
and design of structures and in s t a l la t io n s .  Analysis o f  past f lood  
experience presents the best method of evaluating fu tu re  f lood  
prob ab i l i t ies  but unfortunately the stream-gaging network is seldom 
comprehensive enough to provide flood records a t  a l l  s i tes  where data 
may be required. As a r e s u l t ,  techniques based on runoff  records,  
mean annual f loods, and drainage basin c h a ra c te r is t ic s  have been devised 
by the U.S.G.S. to approximate flood discharges a t  s i tes  fo r  which no
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Fig. 6. Flood frequency graph, Clark Fork above Missoula gaging station. roVJ
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TABLE 4.
TEN HIGHEST KNOWN FLOODS FROM 1887 to 1908 
by ORDER OF MAGNITUDE
PEAK
ORDER NO. DATE OF PEAK DISCHARGE
cfs
1 June 7, 1908 48,000
2 1887*
3 1892*
4 1894*
5 June 20, 1899 36,400
6 May 30, 1902 31,400
7 May 12, 1900 25,600
8 June 4,  1903 25,000
9 May 21, 1907 18,500
10 May 18, 1904 17,800
♦Ranked r e l a t i v e l y  from newspaper accounts.
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d ire c t  observations are ava i lab le  (Bodhaine and Thomas, 1964).
Floodplain Storage
A natural stream channel is incapable of containing the greater  
floods. When bankful stage is exceeded, excess streamflow s p i l l s  onto the 
surrounding f loodplain areas where the water is temporari ly  stored,
(see plates 9, 10, Appendix B). Then, as the r iv e r  stage receeds, water 
is gradually released to the stream from flood storage areas. The 
e f fe c t  of  f loodplain storage is to prolong the duration of the f lood  
and reduce the hydrograph peak.
A high percentage of the floodway and 100 year f loodpla in  o f  the 
upper Clark Fork is bounded by natural breaks in slope. Within the 
natural breaks ( r iv e r  terraces and mountain f lanks)  the f loodp la in  is 
fu r ther  constricted by embanked roadways fo r  two transcontinental  
ra i l roads ,  an in te rs ta te  highway and sections o f  frontage road. The 
natural breaks, combined with the ra i l road  grades and roadbeds, comprise 
about 95 percent of the f loodplain boundaries. A r t i f i c i a l  levees fu r ther  
confine sections of the stream channel. Some segments are confined on 
one or both banks by roads and rai lroads forming, in e f f e c t ,  an over­
deepened stream channel. Thus floodwater storage, an important function  
of the f loodpla in ,  is severely l im ited in the study area. This resu lts  
in the rapid downstream conveyance of  floodwaters producing an un­
natura l ly  sharp, steep hydrograph with higher r iv e r  stages and 
correspondingly increased danger of f looding in the downstream reaches.
CHAPTER IV 
DETERMINATION OF FLOOD PRONE AREAS
Flood Hazard Maps
This repor t  contains f lood hazard maps (Appendix C),  constructed 
by  methods explained in Appendix A (p. 51) a f t e r  consideration o f  flood  
frequency data as presented i n  Chapter I I I .  Two sets of l ines  appear 
on the maps: the narrow l in e  ou t l ines  the floodway and the wide l in e
de l inea tes  the 100 year f lo o d p la in ,  th a t  i s ,  the area a f fec ted  by the 
100 year in te rv a l  f lood including flood storage and f lood f r in g e  areas.  
The preponderance o f  steep natural and a r t i f i c i a l  slopes bounding the 
f lo o d p la in  res u l ts  in only s l ig h t  l a t e r a l  d istance separating the 
floodway and f lo o d p la in  in some areas. Therefore ,  apparent convergence 
o f  the l ines  on the map is e n t i r e ly  a funct ion  o f  the topography and 
map scale.  The l in es  may not coincide on the ground.
The l ines  encompass the to t a l  land area expected to be inundated 
by the 100 year f lood .  Actual l im i t s  of  the f lood areas on the ground 
may vary somewhat from those shown on the map because the map scale may 
not permit precise locat ion  o f  the boundaries. Also the l i n e  w idth ,  
a t  the map scale used, obscures a wide l a t e r a l  area. To i d e n t i f y  such 
areas would requ ire  d e ta i le d  study o f  channel cross section and f low  
v e lo c i t i e s  beyond the scope o f  th is  rep or t .  No d is t in c t io n  is made 
between areas o f  f lood storage, and passive f looding due to the r is e  of  
the ground water tab le  a t  high r i v e r  stage; since the water stored in the 
l a t t e r  case u l t im a te ly  contr ibutes to f lood discharge as does stored  
d i r e c t  discharge.
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I n i t i a l  mapping of f lood l ines was done on aer ia l  photography 
taken at the peak of the 1972 runoff .  These photos are larger scale  
than the photo-maps in Appendix C, so de l ineat ion  of f lood prone areas 
on them was correspondingly more precise.
A r iv e r  with i ts  f loodpla in is a dynamic system th a t  undergoes 
continual change in response to varying hydrologie conditions. The 
width, depth, and slope of the channel experiences constant change, 
especial ly  at  peak flow. Meanders migrate as sediment is deposited on 
point bars and eroded from cut banks. Channel patterns of braided 
streams, such as the Clark Fork in i ts  unconfined reaches, are p a r t ic u la r ly  
susceptible to change. Therefore, i t  must be noted that  f lood l ines  
presented in this report are based on channel and f loodpla in  conditions  
existing during the 1972 peak spring runoff .
Flood P ro f i le
The flood p r o f i le  is used to provide estimates of  f lood water  
elevations at any point along the stream. Flood p r o f i l e  data has been 
collected at 17 points of known water surface e levat ion  along the r iv e r .  
Data from Clark Fork above Missoula gaging sta t ion  and Mi 11 town Dam 
were also used. Approximate locations of  control s ta t ions  is shown in 
f igure  2 (p. 5) as well as on the f lood hazard maps.
The p r o f i l e  of water surface elevations expected during a 100 year  
recurrence in terva l  flood are shown in f ig ure  8 (p. 33, 34) .
Elevations of control points were surveyed from the nearest U.S.G.S. 
benchmark. For p lo t t ing  purposes these control points are r e l a t i v e ly  
few. A natural stream does not produce a smooth surface, therefore  the 
flood p r o f i l e  must be drawn at  a very small scale.
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Fig. 8. 100 year f loo d  p r o f i l e ,  Clark Fork R iver study area.
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F ig . 8. ( c o n t . )  100 year f lo o d  p r o f i l e ,  C lark Fork R iver study area.
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Channel gradient  in a braiding stream changes constantly  and 
aggradation is  a dominant process. Mid-channel bars are emplaced 
during high f low. The water surface gradient near the bar decreases 
upstream and increases downstream. Water surface e levations vary con­
s iderab ly  from one stream bank to the other with channel bra iding.  
Gravel bars t rap  debris and log jams form on t h e i r  upstream points 
r e s t r i c t i n g  midstream flow and steepening the gradient  downstream, 
causing erosion of  the bars. There is a continual downstream pro­
gression of  erosion and aggradation. As f low recedes, mid-channel 
bars are eroded and dissected (see plates 13, 14, Appendix B). Thus 
the water surface p r o f i l e  c o n t in u a l ly  f lu c tu a te s  and caution must be 
exercised when a f lood p r o f i l e ,  surveyed a t  a given t ime, is used to 
p re d ic t  fu tu re  f lood ing .  Because the f lo o d p la in  is  confined by natural  
as well  as a r t i f i c i a l  breaks in slope through most of  the study area,  
i t  is f e l t  th a t  precise f lood elevations are not important except in  
reaches not confined.
CHAPTER V 
GROUND WATER
Very l i t t l e  ground water data are ava i lab le  for  the upper Clark  
Fork Valley and the need for  such information is apparent. To help 
f i l l  th is  need a l im ited ground water research program was begun in the 
study area. This includes periodic measurements of water leve ls  in  
20 wells during a one-year period to determine the piezometric surface  
as well as watertable f lu c tu a t io ns .  Gravity traverses were made to 
determine bedrock configurations and depths to bedrock. The seismic 
re fract ion  method was used fo r  c a l ib ra t io n  of  depth ca lcu la t ions .
Valley Cross-Sections
Thickness of va l ley  alluvium varies throughout the study area.  
Gravity and seismic data indicate maximum depth to bedrock o f  about 
300 f e e t ,  but i t  is recognized that  these depths may be exceeded 
lo c a l ly  where no cross-section was surveyed. Va l ley  cross-sections  
are shown in f igures 9 and 10, (p. 37, 38 ) ,  and t h e i r  locations are 
shown in f igure  2 (p. 5 ) .  These show depths of alluvium much greater  
than e x is t  downstream of the Missoula Basin. The thickness o f  va l le y  
alluvium is greater than can be accounted fo r  by f lu v i a l  erosion alone 
and probably re f le c ts  va l ley  deepening by movement along the Clark  
Fork Fault .
No a l lu v ia l  deposits older than Quaternary are exposed in the 
study area. The alluvium is shallow compared to thickness o f  deposits
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Fig. 9. Clark Fork River Valley cross-sections (for location see f ig .  2, p. 5).
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Fig. 10. C lark Fork R iver V a lley  c ross-sec tions  ( fo r  lo c a t io n  see f i g .  2, p. 5)
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in the Missoula basin. The va l ley  i s ,  in general ,  less than a mile  
wide, as a r e s u l t  there is l i t t l e  chance of the existence of s ig n i f ic a n t  
water bearing deposits older  than Quarternary. This may ind ica te  tha t  
the v a l le y  was eroded along the Clark Fork Fault  during Pleistocene time.  
A l t e r n a t i v e l y ,  T e r t ia r y  deposits may have existed i f  the v a l ley  was 
formed during T e r t ia r y  time and were eroded away by high g la c ia l  m elt ­
water discharges l a te  in Pleistocene time.
Hydrology
V a l le y  a l luvium consists of interbedded g ra ve l ,  sand, and sandy 
g ra v e l ,  in te rc a la te d  with  lenses o f  s i l t  and c lay .  A l l  contain i n t e r ­
s t ices  o f  varying s iz e ,  shape, and volume. The character and d is t r ib u t io n  
of  these pore spaces determine, to a great  ex ten t ,  the occurrence of 
ground water.
Grain s ize  is not the most important f a c to r  determining porosity  
but is  important in  determining e f f e c t iv e  po ro s i ty ,  or s p ec i f ic  y i e l d .  
Although f in e  grained sediments genera l ly  d isp lay  higher porosity  than 
do coarse grained sediments, molecular a t t r a c t io n  between water and 
sediment is  correspondingly high in f in e  grained sediments and water  
y ie ld  is  lower. Porosity  o f  s i l t  and c lay  is  r e l a t i v e l y  high but 
p e rm eab i l i ty  is low and transmission o f  water through them is  compara­
t i v e l y  slow. A l te rn a t in g  s t ra ta  o f  varying porosity  and perm eabi l i ty  
c o n tr ib u te  to  an ideal a q u i fe r  fo r  ground water withdrawal.  Coarse 
grained sediments permit rapid transmission o f  water during peak 
pumping w hi le  the f i n e r  grained sediments store large  amounts o f  
w a te r ,  re leas ing  i t  slowly to the more permeable s t r a t a .
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No tests were conducted to determine hydrologie properties o f  
the aquifer.  Seasonal water tab le  f lu c tu a t io ns  were determined from 
well measurements which were taken during a spec i f ic  6 hour period.
The spacing of measurements was over a short time base, thus ne ither  
short nor long term f luctuat ions  could be determined. Seasonal f lu c tu a ­
tions in these wells ranged from a minimum of 0 .5  fe e t  where the water-  
table is near the surface to a maximum of 6 fe e t  in deeper we l ls .  This 
is an indication of the amount of change in storage during the year.
In general, the water tab le  reached i ts  maximum height in May 1973, and 
declined to a February to Apri l  low. Six wells  reached t h e i r  lowest 
level in September. The actual time the highest and lowest water 
table  levels occur varies throughout the study area depending on 
location,  local differences in hydrological properties of the aq u i fe r ,  
and amounts of  recharge and discharge. The levels probably were 
affected by the low winter  and spring p r e c ip i ta t io n ,  the low ru n o f f ,  
and the dry summer of 1973, which may have prevented the water tab le  
reaching normal highs, followed by r e l a t i v e ly  heavy p r e c ip i ta t io n  
during the autumn which may have begun recharge o f  the a q u i fe r  e a r l i e r  
than usual.
The water table is an i r re g u la r  surface which corresponds roughly 
to the topographic surface depending on perm eab i l i ty ,  i t  is  steep where 
r iv e r  terraces consist of  f in e  grained sediments, and r e l a t i v e l y  gentle  
where the aqu ifer  consists of coarse grained and permeable m ate r ia ls .
In the study area the water tab le  ranges from about 80 fe e t  below land 
surface in the larger  a l lu v ia l  fans, to in te rsec t ion  with the land 
surface in depressions and along the Clark Fork, where small swamps may
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occur. In general the water tab le  slopes toward the Clark Fork R iver.  
The r i v e r  gains flow from e f f lu e n t  ground water sources throughout the 
study area (ora l  communication, Arnold Boettcher, U.S. Geological 
Survey) .
The ground water res e rv o i r  is recharged from the upland areas where 
f ra c tu r e s ,  j o i n t s ,  bedding planes, and ta lus  slopes provide channels 
fo r  i n f i l t r a t i o n  o f  meltwaters in to  the v a l le y  sediments, and from 
t r ib u t a r y  stream contr ibutions from in f lu e n t  f lo w ,  which reach peak flow 
in l a t e  March to e a r ly  A p r i l .  These streams are in f lu e n t  in t h e i r  lower 
courses and in to  the v a l le y  sediments. In normal years the ground water 
res e rv o ir  is f u l l y  recharged before peak f low in the Clark Fork occurs. 
Measureable recharge from i r r i g a t i o n  is noted during summer months in 
some areas. Some of  th is  water is  from t r ib u t a r y  streams but most 
is d iver ted  from the Clark Fork.
L i t t l e  ground water q u a l i t y  data are a v a i la b le  fo r  the study area 
as few chemical q u a l i t y  analyses have been conducted. Chemical q u a l i ty  
as evidenced by a chemical water analysis of water from a well located 
a t  the Montana Department of  Highways maintenance shop west of  C l in ton ,  
is  genera l ly  good.
MONTANA DEPARTMENT OF HIGHWAYS WELL WEST OF CLINTON
Water Analysis
pH = 6.6
CO2 = 7 .4  p.p.m.
Phenolphthalein  
A l k a l i n i t y  = none
Methyl Orange 
A l k a l i n i t y  = 32 p.p.m. CaCOo
Total Solids = 37 p.p.m. CaCOg
Total Hardness = 22 p.p.m. CaCOg
Conductivity  = 0.1 m.mhos
Water is not incrust ing but is  corrosive to metal.
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This is good chemical q u a l i ty  and is classed as soft  water.  (Hem, 1970). 
Ground water always contains some dissolved matter derived from the 
soil and rocks through which i t  passes. The good chemical q u a l i ty  and 
low dissolved solids of the above sample probably r e f le c ts  r e l a t i v e ly  
rapid movement from a nearby source of recharge.
Volume of v a l ley  sediment was estimated using bedrock configuration,  
val ley width, and thickness of alluvium. The volume o f  saturated  
sediment, 0.5 cubic miles, was estimated a f t e r  determination of  the 
piezometric surface, using well measurements and seismic data. The 
c o e f f ic ie n t  of storage, which is approximately equal to porosity  in an 
unconfined aquifer  (Meinzer, 1923), is analogous to s p ec i f ic  y i e l d .
Assuming a storage c o e f f ic ie n t  of 20 percent, there is about 338,000 
acre fe e t  of ground water in storage. Discharge of  ground water from 
wells in the area is small in comparison to e f f lu e n t  ground water d is ­
charge, e f f lu e n t  seepage, evaporation, and t ran sp ira t ion  by vegetation.
Ground water is an important resource in the Clark Fork Va l ley .  
Extraction of th is  resource is l im ited mainly to domestic and stockwater 
use. Chemical q u a l i ty  is good and bacter io log ica l  q u a l i ty  is  generally  
good (oral communication, C l i f fo rd  Foy, Missoula County Health Department), 
but may be adversely affected by concentration of  dwell ings in loca l ized  
areas, especial ly  in small t r ib u ta ry  drainages where the a qu ife r  is 
highly permeable. Quali ty  of water from the Clark Fork normally a f fe c ts  
groundwater q u a l i ty  only through seepage from i r r i g a t i o n .  Concentration 
of wells in areas of r e l a t i v e ly  f in e  grained sediments may adversely  
a f fe c t  the aquifer  through compaction where withdrawals of groundwater 
are high.
CHAPTER VI
FLOODPLAIN MANAGEMENT AND LAND USE INTERRELATIONS
Floodplains are the water and sediment storage areas of  a r i v e r  
system and are inundated when heavy ra in s ,  melting snow, or ice jams 
cause the r i v e r  water to overflow the stream banks.
Floods are natural and normal phenomena, becoming catastrophic  
only when man is a f fec ted  by his occupation of the f loodp la in  in  
competition w ith  the r i v e r .  Man occupies the f lo o d p la in  fo r  p r o f i t  
and convenience. Where f lood damages are r e l a t i v e l y  minor, usually  
l i t t l e  e f f o r t  is made to a l l e v i a t e  the problem. Increased property  
damage from f looding res u l ts  from increased f lo o d p la in  encroachment by 
man, and flood protect ion  becomes a major concern.
Floods are recurrent  events and e f fo r t s  to reduce flood damage have 
t r a d i t i o n a l l y  been various forms o f  f lood contro l .  Ind iv idual projects  
have been successful over the short- term and have encouraged expansion 
o f  f lo o d p la in  development onto unprotected areas, thereby requir ing  
more f lood p ro tec t io n .  Thus over the long-run, f lood-contro l  measures 
have been extremely c o s t ly .  Recently the trend has been to place more 
emphasis on management and regula t ion  o f  f loodp la in  a c t i v i t i e s  as a means 
o f  abating f lood losses and reducing the necessity of  f lood c o n t r o l .
There are s ix  var iab les  associated with a stream and i t s  channel 
which in f luence  the stream flow and flood hazard of that  stream. These 
v ar ia b les  are  channel g rad ie n t ,  roughness, width ,  depth, volume of
streamflow, and sediment a v a i la b le  to the stream (Leopold, e t  a l . ,  1964).
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Channel gradient,  width, and depth are a l te red  by a r t i f i c i a l  
channelization of a stream. Stream channelization is a major re s u l t  
of construction of r a i l  and highway roadbeds through a r e l a t i v e ly  
narrow va l ley .  Such channelization involves stra ightening of a meandering 
or braiding stream channel. Therefore the distance along the stream 
between any two given points is decreased and the channel gradient is 
increased. The result ing increase in ve loc i ty  also increases erosion.  
Floodwater is moved downstream more rap id ly  and is more competent to 
erode stream banks and carry load. The increased sediment load is  
deposited where the channel is unconfined. Aggradation is accelerated  
and flood hazard increased in the downstream reaches.
Overbank flow allows storage of flood water u n t i l  peak f low has 
diminished, i t  is then discharged gradually from flood storage areas. 
Channel depth is increased considerably when a stream is confined 
between narrow banks and has the e f fe c t  of increasing flood hazard 
downstream. Stream ve loc i ty  increases as the channel deepens because 
there is a higher volume of water in the center of  the channel f a r  from 
the f r ic t io n a l  e f fe c t  of the stream bed, banks are higher and overbank 
flow is prevented. Therefore, by e f fe c t iv e ly  ra is ing the height of  the 
stream banks a high proportion, or a l l ,  of the potent ia l  overbank flow  
is retained in the floodway, thereby increasing downstream flood volumes. 
This excess flood water arr ives in the areas below channelizat ion at  
times of peak discharge.
A stream expends about 97 to 99 percent of i t s  energy in overcoming 
channel f r i c t io n  (Leopold, et  a l . ,  1964). A l te ra t ions  in the channel, 
such as stream bank r ip rap ,  which modify channel roughness, exert  great
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inf luence  on v e lo c i t ie s  of flow in tha t  reach. The large blocks of 
stone and discarded auto bodies used as r ip rap  to prevent channel 
migrat ion impart a high degree of increased roughness to the channel, 
thereby decreasing stream v e lo c i ty .  Stream flow enters the modified 
reach a t  the same ra te  as before the r ip rap  was emplaced, is slowed by 
increased roughness and is backed up above the modified reach causing 
overbank f lo w ,  u n t i l  s u f f ic ie n t  hydraulic  head is a t ta ined to overcome 
the Increased streambank f r i c t i o n .
The f lo o d p la in  provides fo r  sediment storage through overbank 
f low ,  deposit ion on point bars in meandering streams, and midchannel 
bars in braided streams. Stream channelizat ion and bank s t a b i l i z a t io n  
prevents deposit ion o f  sediment by these processes. Sediment is carr ied  
through constr ic ted  reaches and Is deposited when v e lo c i t ie s  decrease 
where streamflow is unconfined or channel roughness Is increased.
M od if ica t ion  o f  stream channels by channelizat ion and stra ightening  
a f fe c ts  both recrea t io na l  and aes the t ic  values.
Forest practices  in the watershed may exert  considerable Influence  
on ru n o f f .  Snowpack is Increased as fo re s t  cover is removed with the 
r e s u l t  th a t  the hydrograph is  steepened during spring runoff .  Sediment 
y i e l d  may also be increased from watershed manipulation. Large scale  
construct ion along a watercourse may contr ibu te  abnormally high 
sediment load to a stream. I f  the stream is incompetent to carry the 
increased load, deposit ion in the channel, and stream bed aggradation  
w i l l  r e s u l t .  As the channel becomes shallower,  braided channels w i l l  
develop and overbank f low is more l i k e l y  to occur.
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Urban development on and adjacent to the f loodpla in  has the e f fe c t  
of f i r s t ,  increasing sediment y ie ld  as leve l ing  and excavation is under­
taken and secondly of increasing runoff  through waterproofing such as 
by construction of roofs, s t re e ts ,  driveways, and storm sewers.
Transportation networks are grea t ly  a f fected by f looding.  This is 
especial ly  true in r e la t iv e ly  narrow stream val leys such as the Clark  
Fork. The 1908 flood wrought great damage to road and ra i l ro a d  em­
bankments. Estimated costs of the flood were high. Many bridges were 
destroyed and t r a f f i c  of a l l  kinds was interrupted for  extended periods, 
Rail t r a f f i c  on the upper Clark Fork was disrupted fo r  approximately  
a month.
The flood losses to rai lroads in the Columbia River Basin in 1948 
were estimated at  $5 m il l io n  (Paulsen, 1949). Communications systems 
and power transmission networks suffered heavy damage. No estimate of  
losses to roads and highways is ava i lab le .
Flood damage during the 1964 flood west of the Continental Divide  
was estimated at $24.5 m i l l io n ,  of  which $17.6 m i l l io n  was to  trans­
portation f a c i l i t i e s  (Boner and Stermatz, 1967). Estimated losses 
to highways, roads, and rai lroads on the upper Clark Fork amounted to 
$536,000. Forest roads account fo r  a large percentage of the t o t a l ,  
( re f le c t in g  the increased construction of such roads in recent y e a rs . )
CHAPTER V I I  
CONCLUSION
The primary goal of  th is  study was the production of  accurate  
f lood hazard maps with a minimum expenditure of time and money. The 
need fo r  such studies arose from the r e a l i z a t io n  th a t  many r i v e r  
va l leys  in Montana are undergoing a period of  rapid growth and develop­
ment and th a t  such development must have proper guidance in regards to 
natural  f looding condit ions and f lo od p la in  encroachment.
T ra d i t io n a l  methods o f  accurate f lood hazard mapping, as conducted 
by the U.S. Army Corps o f  Engineers and U.S. Geological Survey, require  
numerous channel cross sections per r i v e r  m ile .  This procedure, 
although producing temporar i ly  accurate f lood water e leva t io ns ,  is 
extremely c o s t ly ,  time consuming, and in fe a s ib le  fo r  any la rge  scale  
f lo o d p la in  d e l in e a t io n  as needed in Montana. The U.S. Geological  
Survey does ra p id ly  produce flood maps by re l ian c e  on a 10- to 20- 
foo t  contour l in e s  and f lood water e levat ion  predict ions of  varying  
accuracy.
Through re l ia n c e  on a e r ia l  photographs taken a t  times of peak 
discharge, as well  as upon minimal channel surveys, i t  is f e l t  tha t  
f lood prone areas in the Clark Fork Va l ley  have been mapped with an 
accuracy comparable to th a t  produced by d e ta i le d  ground surveys and 
superio r  to  th a t  o f  the rapid techniques used by the U.S. Geological  
Survey.
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Approximately 33 r iv e r  miles of  maps have been produced a t  an 
average cost of $120 per r iv e r  mile .  Part o f  th is  cost involved ex­
penditure for ae r ia l  photographs which should prove useful fo r  purposes 
other than th is  study.
The obvious l im i ta t io n  of  th is  work was the lack o f  h ighly accurate 
flood water elevations in a l l  parts of  the va l le y .  As previously men­
tioned, the desired goal was the generation of accurate f lood hazard 
maps and i t  is f e l t  tha t  th is  goal has been achieved. I t  i s ,  there­
fore ,  suggested that  these maps be used to guide v a l le y  development 
and that  the undertaking of deta i led  water e levation surveys be l e f t  
unt i l  needed on a local level and fo r  spec if ic  pro jects .  Such elevation 
determinations should be g rea t ly  f a c i l i t a t e d  by water surface data 
presented here and carr ied out with minimum fu r th e r  d i f f i c u l t y .
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APPENDIX A 
METHODS
All  methods chosen fo r  use in th is  analysis  were selected to 
obtain maximum mapping accuracy while  expending a minimum amount of  
time and money. I t  was, th e re fo re ,  decided to e l im inate  the use of  
d e ta i le d  ground surveying and to develop methods based on use of  
a e r ia l  photographs taken during times o f  peak r i v e r  f low. I t  is f e l t  
th a t  the method is successful in terms of  t ime, costs,  and accuracy.
Use of A er ia l  Photographs
On June 4,  1972, a t  approximately 12:00 noon, a e r ia l  photographs 
( a v a i la b le  from the U.S. Soil  Conservation Service) were taken of  the 
e n t i r e  study area providing a working contact scale o f  1:13000. These 
photos depicted floods of  various recurrence in te rv a ls  a t  d i f f e r e n t  
locat ions on the r i v e r .  This condit ion necessitated separate consid­
e ra t io n  of  various reaches of  the r i v e r .  The r iv e r  was divided into  
three d i f f e r e n t  reaches through the study area. Each reach was 
determined by the confluence of  a major t r ib u t a r y  with the main stream 
as fo l lo w s ,  Clark Fork above confluence with Rock Creek, Clark Fork 
from Rock Creek to confluence with  Blackfoot R iver ,  Clark Fork below 
confluence with  Blackfoot River.
To p re d ic t  l a te r a l  extent of  f looding i t  is necessary to know the 
magnitude and stage o f  the event photographed, or otherwise recorded.
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for  a l l  segments of the r iv e r .  One must also know the d i f fe rence  in 
r iv e r  stage to be expected when ca lcula t ing  the 100 year f lood frequency 
from the frequency recorded. This information can be obtained quite  
easi ly  at a l l  gaged sites by use of  va l id  s tat ion  ra t ing  curves and 
less easi ly  for  ungaged sites» by U.S.6 . S. methods as mentioned in 
Chapter I I I  (p. 2 ) ,  (Bodhaine and Thomas, 1964). Var iat ions in channel 
geometries w i l l  account fo r  corresponding variat ions in stage-discharge 
relat ionships on a l l  ungaged reaches of  the r iv e r .  This s i tu a t io n  was 
dealt  with as follows.
Channel Surveys
At 17 sites along the r i v e r ,  observation points were established  
at which r iv e r  stage was monitored between June 1-14, (1972) .  By 
plo tt ing  r e la t iv e  r iv e r  stage a t  each point against the corresponding 
recurrence in terva l  simultaneously recorded at  the nearest gaged s i te ,  
a simulated rat ing curve was established fo r  each of these s i te s .
This curve could then be extended to 100 year recurrence in te rva ls  to 
give approximate r iv e r  stage fo r  these events. I t  was found th a t  these 
curves could best be extended to 100 year frequencies by p lo t t in g  a l l  
data on semi-logrithm graph paper and v is u a l ly  f i t t i n g  a l l  points to 
a s tra igh t  l in e .
These 15 points along the 33 r iv e r  miles were useful in providing 
addit ional  points at  which the 100 year r iv e r  stage could be estimated.  
The var ia t ions in the r iv e r  stage exhibited by these locations were 
used to provide mapping guidelines as well as flood p r o f i l e  determination
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Flood P r o f i l e  Determination
V e r t ic a l  control was established for  a l l  17 observation points by 
means of  ground surveying, because of the i n f e a s i b i l i t y  of providing  
p r o f i l e s  o f  s u f f i c i e n t l y  de ta i led  scale fo r  the length of  the r iv e r  
studied. Flood surface gradients between a l l  points were calculated  
fo r  use in water surface determinations. I t  must be cautioned that  
when providing r iv e r  p ro f i le s  with such widely spaced con tro ls ,  the 
p o s s i b i l i t y  of  local slope va r ia t ion s  between control points w i l l  
e x is t .  The accuracy o f  th is  type of p r o f i l e  determination w i l l  vary 
as a funct ion  of  distance from the nearest control point and is 
believed to range from a value of  ^  0 .5  fe e t  a t  any control point to
2 .0  f e e t  a t  i t s  most d is ta n t  po in t .
I t  is  believed th a t  the methods of p r o f i l e  determination used here 
w i l l  prove s u f f i c i e n t l y  accurate fo r  general purposes and w i l l  a t  
le a s t  in p a r t ,  s u b s t i tu te  fo r  the numerous r i v e r  cross sections  
required fo r  other  types o f  surveys.
Mapping
The u l t im a te  purpose o f  th is  work is  to formulate f lood hazard 
maps by use o f  the a e r ia l  photographs taken on June 4, 1972. The 
dec is ion ,  made by the w r i t e r ,  o f  when to take these photos was based
on care fu l  observation of  hydrographs p r io r  to June 2. I t  was known
th a t  spring hydrographs in th is  v a l le y  o ften  e x h ib i t  temporary peaks 
preceding a s u b s ta n t i l ly  higher peak. To avoid taking the a e r ia l  
photographs during one o f  these i n i t i a l  r i s e s ,  a d a i ly  cumulative  
t o t a l  o f  Clark Fork River discharge was kept, th is  f ig u re  was then 
compared to monthly discharges predicted by the U.S. Soil  Conservation
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Service (based upon to ta l  watershed snowpack accumulation measured g 
two week in te rv a ls ) .  Therefore, when the peaks of  May 18 and 22 wer 
reached, (see f igure  4 ,  p. 19) ,  i t  was known tha t  a large percentage 
of the snowpack s t i l l  remained and the decision was made to watch fc 
the subsequent r is e .  This r is e  began on May 29, and the maximum pea 
occurred June 2.
Mapping was done photogrametrically with the use of a th ird  ore 
Gali leo stereo p lo t te r .  This p lo t te r  could be used to carry  verticc 
control to the r i v e r ,  a t  the working photo scale ,  with an accuracy ( 
only + 2 . 5  f e e t .  Upon f i e l d  checking at  various l o c a l i t i e s ,  i t  was 
learned that  r e la t i v e  e levation dif ferences on the order of  0.5  
fe e t  could be discerned and tha t  only absolute e levat ion  values wen 
l im ited  by the above accuracy. A f te r  numerous f i e l d  checks, severa 
locations were established a t  which breaks in slope existed on the 
order of 0 .5 ,  1 .0 ,  and 1.5 fe e t  and i t  was against these s ites  that 
r e la t iv e  e levation dif ferences at  other locations were compared (e.i 
i t  was not d iscern ib le  as to whether two elevations were 3,000.0 fe 
or 3 ,000.5  f e e t ,  but merely tha t  they were separated by 0 .5  fe e t ) .
Cost Comparisons With Other Survey Methods
A cost o f  $120 per r i v e r  mile has been established fo r  this an 
and report .  I t  includes contracting fo r  a e r ia l  photography, photos 
maps, d r a f t in g ,  publishing, and salary  fo r  four man-months. I t  is 
estimated tha t  a comparable study could be conducted fo r  approximat 
the same cost.  Cost of  iden t ica l  studies have been estimated by 
Wolman (1971),  a t  from $400 to $1,000 per r i v e r  mile  with the exces
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being a t t r i b u t a b l e  to d e ta i le d  ground surveys. I t  is granted th a t  those 
more d e ta i le d  surveys can provide temporari ly  useful data by including  
numerous r i v e r  cross-sect ions,  d e ta i le d  f lood p r o f i l e s ,  and backwater 
s tud ie s ,  but is f e l t  tha t  such work can be e l iminated without s a c r i f ic e  
of mapping accuracy. Parker,  et  a l . ,  (1970) ,  has established the 
v a l i d i t y  o f  f lo od p la in  d e l in ea t io n  based so le ly  on a e r ia l  photo in ­
t e r p r e t a t io n  by obtain ing favorable  c o r re la t io n  to 100 year f lood  
l ines  as determined by engineering surveys. The mapping conducted 
here has gone beyond complete dependency on photo in te rp re ta t io n  and 
is believed comparable to most standard engineering studies.
Grav ity  Survey (Val ley-Cross Sections)
Knowledge o f  bedrock configurat ions and thickness of  v a l le y  alluvium  
was necessary to c a lc u la te  the volume of  v a l le y  sediment in the study 
area. The seismic r e f r a c t io n  method would y ie ld  water tab le  as well as 
bedrock depths, however, use o f  explosives to impart s u f f i c i e n t  energy 
fo r  good data recovery, l im i t s  access to pasture and crop lands. There­
fo re  the grav im etr ic  method was chosen.
Five cross-sections o f  the v a l le y  were surveyed with  g ra v i ty  
sta t ions  spaced a t  200 foo t  in t e r v a ls .  E levat ion control was surveyed 
with 2  0 .10  f e e t  f o r  each s ta t io n .  Numerous g ra v i ty  readings were taken 
in areas between the cross-sections with e leva t ion  control ca rr ied  to 
+ 1 fo o t .  Reduction of  g ra v i ty  data was carr ied  out by Marian Lankston 
and bedrock configurat ions and depths to bedrock were determined by 
Robert Lankston using computer methods. Where f e a s ib le ,  the seismic 
r e f r a c t io n  method was used to c a l ib r a te  depths along four o f  the v a l le y  
cross-sect ions and to c o in c id e n ta l ly  provide depths to the w a te r - ta b le .
5(
Well Measured Data
I n i t i a l l y ,  30 wells were considered fo r  measurements, but 10 
dropped fo r  lack of good access. Well locations and water table dat 
were coded on U.S. Geological Survey computer data cards and is 
avai lab le  from the U.S.G.S. O f f ic e ,  Helena, Montana

APPENDIX B 
PLATES
Plate 1. Confluence of  Blackfoot and Clark Fork Rivers 
June 1, 1972. Note suspended sediment load 
carr ied by the Blackfoot River.
Plate 2. M i l l  town Dam June 1 , 1972. Waters from the two 
streams mix a t  base of Dam.
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Plates 3, 4, 5. Ice jam on Blackfoot River,  January, 1974 
Plate 3. Buildings damaged by ice and floodwaters.
Plate 4. Huge ice blocks deposited among trees.
Plate 5. P a r t ia l  view o f  ice jam extent.
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P la te s  6 , 7. Ic e  jam downstream from  Turah B r id g e ,
Ja n u a ry ,  1974.
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P la te  8. Ice  jam on Rock Creek Ja n u a ry , 1974
Plate 9. Overbank flow on Rock Creek June 1, 1972
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P la te  10. Overbank f lo w  on C la rk  Fork R iv e r  June 1, 1972
Plate 11. Overbank flow and stream eroding roadbed, 
June 1, 1972.
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P la te  12. B ra id e d  re a ch  on C la rk  F o rk  R iv e r ,  May, 1972.
Pla te  13. Mid-channel s p i l l o v e r  bar in Clark Fork River  
being eroded a t  low streamflow August, 1972.
P la te  14. Mid-channel bar in C lark  Fork R iver  eroding a t  
low streamflow, August, 1972. View is  upstream
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